Background: Taiwan has the highest incidence of end-stage renal disease (ESRD) in the world. The epidemiologic features of ESRD, however, have not been investigated. In this case-control study, we evaluated the risk of ESRD associated with a number of putative risk factors. Methods: We studied 200 patients among whom ESRD had been newly diagnosed between 1 January 2005 and 31 December 2005; 200 controls were selected from among relatives of patients treated in the general surgery unit. Using a structured questionnaire, we collected information related to socioeconomic factors, history of disease, regular blood or urine screening, lifestyle, environmental exposure, consumption of vitamin supplements, and regular drug use at 5 years before disease onset. Results: Our primary multivariate risk models indicated that low socioeconomic status was a strong predictor of ESRD (education: odds ratio [OR], 2.78; 95% confidence interval [CI], 1.49-5.19; income: OR, 2.86, 95% CI, 1.48-5.52), even after adjusting for other risk factors. Other significant predictors for ESRD were a history of hypertension (OR, 3.63-3.90), history of diabetes (OR, 3.85-5.50), and regular intake of folk remedies or over-thecounter Chinese herbs (OR, 10.84-12.51). Regular intake of a multivitamin supplement 5 years before diagnosis was associated with a decreased risk of ESRD (OR, 0.12-0.14). Conclusions: Our findings indicate that low socioeconomic status, history of hypertension, diabetes, and regular use of folk remedies or over-the-counter Chinese herbs were significant risk factors for ESRD, while regular intake of a multivitamin supplement was associated with a decreased risk of ESRD.
INTRODUCTION
End-stage renal disease (ESRD) is becoming an increasing burden in all regions of the world, 1 including Taiwan. Data from the US Renal Data System (2007) 2 indicate that from the year 2000 Taiwan has had the highest incidence and prevalence of ESRD among the countries examined-approximately 400 per million population. Moreover, Taiwan's 40 000 ESRD patients consume 7% (approximately NT$26 billion) of the national health insurance budget for dialysis treatment, but represent only 0.17% of the population. 3 The high prevalence of chronic kidney disease and high incidence of ESRD in Taiwan make the study of risk factors for ESRD a high-priority issue for the nation's health care system. ESRD usually results from slowly progressive kidney damage and is a substantial burden on health care resources. Recent studies reported that awareness and detection of chronic kidney disease (CKD) are low in Taiwan. 4 Only 8% of patients with stage 3 renal disease in Taiwan are aware of their disease status, as compared to 22% of their counterparts in the United States. 5 From the perspective of preventive medicine, identification of patients with early renal impairment and those who are at risk for developing kidney diseases may provide an opportunity to decrease the rising incidence of ESRD.
ESRD epidemiologic data, including case-control studies, [6] [7] [8] [9] [10] [11] have been reported for whites, and they suggest that heavy cigarette smoking, 6 regular use of home-distilled alcohol, 10 specific occupational and solvent exposures, 9, 10 and the regular use of phenacetin or analgesics 7, 8, 10, 11 are factors strongly associated with chronic renal failure and/or ESRD. Only a few CKD epidemiologic studies have examined ESRD in Asians, and those have been conducted in Thailand 12 and Japan. 13, 14 The epidemiologic features of CKD have been investigated in the Taiwanese population 4, 15, 16 ; however, these studies were descriptive in nature and equivocal factors that have been associated with ESRD, such as regular screening, lifestyle, environmental exposure, vitamin supplementation, and regular drug use, were not investigated. Previous studies have revealed that aristolochic acid, an ingredient in some Chinese herbal medicines, can lead to kidney failure. 17, 18 Traditional Chinese herbal medicines are still very popular in Taiwan. Moreover, some people erroneously believe that many of the effective ingredients in Chinese herbs are natural and harmless. Hence, over-the-counter Chinese herb medicines are often purchased and misused. In this study, we specifically examined how the risk of ESRD was affected by the consumption of folk medicines and over-the-counter Chinese herbs used without a prescription. We hypothesized that these factors are independently associated with ESRD. To evaluate this hypothesis, we conducted a case-control study to investigate whether certain factors, such as regular health screening tests, lifestyle, environmental exposure, vitamin supplementation, and regular drug use were associated with the risk of ESRD, after adjustment for socioeconomic factors and variables related to the history of disease.
METHODS
A retrospective, case-control design was used to examine the association between ESRD and each of the following factors: socioeconomic status (SES), history of medical disease, participation in regular health screening tests, lifestyle, environmental exposures, vitamin supplementation, and drugs used regularly. Attributes in both groups were compared and risk was assessed by using odds ratio for which confidence intervals could be calculated.
Selection of case and control patients
This case-control study was conducted at 2 tertiary-care medical centers: the Changhua Christian Hospital and the Chang-Gung Memorial Hospital in Taiwan. The subjects were selected and interviewed between 1 January 2005 and 31 December 2005. The cases were dialysis-dependent patients whose new-onset ESRD had been diagnosed between 1 January 2005 and 31 October 2005. Eligibility was limited to patients who were aged from 20 through 64 years at first diagnosis. A total of 263 new-onset cases were identified, and we attempted to interview all eligible patients. After excluding patients who were 65 years old or older at first diagnosis (n = 21), patients who had relocated (n = 9), and patients who refused to participate (n = 33), 200 (76.0%) patients agreed to participate in the interview. The median delay between diagnosis of ESRD and the interview was 2 months.
The controls were relatives of patients who were hospitalized for obstetrical conditions, hemorrhoid surgery, or bone fracture in the 2 hospitals during the study period. Eligibility was limited to subjects aged from 20 through 64 years with no history of any diagnosis relating to kidney disease. Obstetrical conditions, hemorrhoid surgery, and bone fracture are regarded as relatively straightforward diseases or events; hence, it is likely that we avoided selecting control subjects with a familial accumulation of a chronic disease. A total of 281 eligible controls were invited, at which point 200 had agreed to participate. The response rate among controls was 71.2%.
Data collection
Potential study subjects were initially contacted by invitation. Subsequently, trained interviewers spoke to potential participants face-to face. Before administering the interview, interviewers provided general information regarding the purpose of the study and obtained written informed consent. When possible, the interview was conducted immediately after receipt of the agreement to participate.
Using a structured questionnaire in a face-to-face interview, we collected information about the participant's demographic characteristics and SES, medical history, participation in regular screening tests of urine and blood, lifestyle habits, environmental exposures, intake of vitamin supplements, and drug usage. Cases were asked to recall exposures 5 years before the diagnosis of ESRD. Although the interviewers were not blinded to the case-control status of participants, they were not informed of the hypotheses under study. Before data collection, the interviewers were carefully trained to conduct a face-to-face interview based on the structured questionnaire, and were instructed in the use of standardized procedures. Each case and control pair was interviewed in person by the same interviewer. The average duration of the interview was 30 minutes. Review by the Institutional Review Board was deemed unnecessary at the time of the study due to the nature of the study. In view of the patients' rights, the investigators strictly followed ethical rules and obtained informed consent from every participant.
Exposure variables
Participants' self-reported demographic data were assessed. SES was determined by level of education and total household monthly income. Level of education was categorized as follows: (1) primary education or no school; (2) secondary education; (3) tertiary education. Total household monthly income was categorized as follows: (1) under US$900; (2) $900 to $1500; (3) above $1500. The participants were asked whether they had been given a diagnosis by a physician of a chronic disease such as hypertension (yes/no) or diabetes (yes/no). Participation in regular preventive screening examinations such as urine testing (yes/no) and blood testing (yes/no) was used as a proxy measure of health awareness. Blood testing was defined as a complete blood count, which is also known as full blood count, full blood exam, or blood panel. Smoking status and alcohol intake were used as lifestyle indices. Alcohol intake included beer consumption, hard liquor consumption, and wine consumption, and was categorized as no habit of alcohol consumption (alcohol consumption only once a week) or habitual alcohol consumption (alcohol consumption more than once a week). Environmental exposure included exposure to certain chemicals such as paint, printing ink, and petrol that might contain polycyclic aromatic hydrocarbons (chemical exposure more than twice a week for at least 6 months). Intake of a vitamin supplement included vitamins B, C, and E, and multivitamins (vitamin supplementation more than once a week). Data on regularly used drugs were collected in the study and comprised the use of antibiotics, steroids, analgesics (including aspirin), and folk remedies or over-the-counter Chinese herbs (drug used more than once a week for at least 6 months). For each factor measured, an effort was made to establish not only the existence of an exposure, but also a rough chronology. Only exposures that had occurred at 5 years before diagnosis of ESRD were considered. For both the case and control, the reference for data collection was the date of diagnosis for the case.
Statistical analysis
All analyses were performed using Statistical Analysis System (SAS 6.12; SAS Institute, Cary, NC) software. Cases and controls were compared by cross-tabulation analyses and logistic regression for modeling of multiple effects. Odds ratios were used to estimate relative risks. A trend test was performed for ordinal variables whenever a linear trend was suggested by category-specific analyses.
The dependent or outcome variable in the analysis was ESRD. The primary independent or predictor variables of interest were demographic factors (sex, age, education level, monthly income), medical history (hypertension and diabetes), regular screening (urine and blood testing), lifestyle habits (smoking and alcohol intake), environmental exposures (petrol, paint, and printing exposure), use of vitamin supplements (multivitamin, and vitamins C, E, and B), and regular drug usage (antibiotics, steroids, analgesics, and folk remedies or over-the-counter Chinese herbs). Logistic regression was used to estimate the odds ratio (OR) and 95% confidence interval (CI). Univariate analyses were performed between the candidate independent variable and ESRD using simple logistic regression (Tables 1 and 2 ). A P value of less than 0.05 was considered to be statistically significant. Independent variables associated with ESRD with a P value of less than or equal to 0.05 in the univariate logistic regression analysis were considered in the multivariate modeling of ESRD, using multiple logistic regression (Table 3) . To increase the precision of the estimation without sacrificing validity, we used a backwards procedure to find a "core model" of "important" predictors. Initially all hypothesized risk factors (exposures) were included as covariates in the model, then the factor with the smallest correlation coefficient was dropped, then the factor with the next smallest correlation coefficient was dropped, etc. Thus, each covariate in the core model had an observed effect on ESRD adjusting for all the other predictors in that model. In addition, we tested whether these data fit the model using Hosmer-Lemeshow goodness-of-fit test. Because income and education were closely correlated (test for linear association using the extended Mantel-Haenszel test, P < 0.0001), attempting to use income and education in the same model to predict ESRD was inconvenient because they were colinear. We separately examined the association between the 2 factors (education and income) and ESRD in 2 multiple logistic regressions (models 1 and 2).
RESULTS
The demographic characteristics of cases and controls are summarized in Table 1 . There were fewer men among controls (63/200 = 31.5%) than among cases (94/200 = 47.0%) (P = 0.0015). Controls were slightly younger than the cases (43.5 years vs 48.4 years). The odds of ESRD cases in males, as compared to females, was 1.92 times higher (P = 0.0015). Age, education level, and monthly income showed strong associations with ESRD in univariate analysis, and these trends were highly statistically significant (P for trends < 0.0001). The risk gradient steeply increased with age, and ranged progressively from 1.0 to 4.0. The protection gradient steeply increased with education level-progressively ranging from 1.0 to 0.09-and with monthly income, ranging from 1.0 to 0.24. A history of hypertension (OR, 4.23; P < 0.0001) and diabetes (OR, 7.45; P < 0.0001) were associated with an increased risk for ESRD. A regular urine examination was associated with a decreased risk of ESRD (OR, 0.44; P < 0.0001). The estimated effects on ESRD of lifestyle, environment exposures, vitamin supplementation, and regular drug use are summarized in Table 2 . Smoking and alcohol intake were not significantly associated with ESRD. Exposure to petrol (OR, 2.23) and to paint or printing ink (OR, 4.19) moderately increased the risk of ESRD. Participants that reported using multivitamins (OR, 0.17) and vitamins C (OR, 0.26) and E (OR, 0.34) were at lower risk for ESRD. The risk of ESRD increased among those that reported regular use of antibiotics (OR, 3.75), steroids (OR, 5.21), and folk remedies or over-thecounter Chinese herbs (OR, 6.26).
Stepwise backward logistic regression analysis was performed to examine the independent effects of potential factors on ESRD (Table 3) . Both of our primary multivariate risk models (models 1 and 2) suggested that low SES (education: OR, 2.78; 95% CI, 1.49-5.19; income: OR, 2.86; 95% CI, 1.48-5.52) was the strongest predictor of ESRD, even after adjusting for other risk variables. Other significant predictors for ESRD were a history of hypertension (OR, 3.63-3.90), diabetes (OR, 3.85-5.50), and the use of folk remedies or over-the-counter Chinese herbs (OR, 10.84-12.51). After controlling for all covariates, a history of multivitamin use was associated with a decreased risk of ESRD (OR, 0.12-0.14). The Hosmer-Lemeshow goodnessof-fit test is a chi-square-based test that is used to assess goodness of fit. In our core model (model 1 and model 2), the chi-square P values were 0.6364 and 0.2843, respectively, indicating that these data fit this model.
DISCUSSION
Taiwan has the highest incidence of ESRD in the world. ESRD reduces quality of life 19 and can cause clinical depression. 20 The importance of identifying risk factors for ESRD is evident. In this case-control study, we found that (1) low SES, as measured by either education or income, was a strong independent risk factor for ESRD; (2) both a history of hypertension and diabetes were associated with an increased risk of ESRD; (3) use of a multivitamin supplement was inversely associated with ESRD, suggesting a protective effect; and (4) regular use of folk remedies or over-the-counter Chinese herbs was a strong independent risk factor for ESRD.
Previous studies revealed that low SES may affect health through various mechanisms, including limited access to health services 21, 22 ; indeed, studies have indicated that the poor, the uninsured, and African Americans are at increased risk for substandard and delayed care. [23] [24] [25] [26] [27] [28] [29] In Taiwan, the National Health Insurance (NHI) Program was implemented in 1994 and ensures that care is readily accessible and that patients are free to choose their care providers. With respect to this study, the existence of the NHI likely removes or decreases the influence of some factors, such as limited access to health services due to the lack of health insurance or the financial burden of receiving treatment. However, illiteracy, lower health awareness, 4 and the greater prevalence of highrisk behavior, including intake of over-the-counter medicine, 27 may increase the risk for ESRD. In this study (data not shown), when compared to literate participants, illiterate participants had lower awareness of the need for regular urine examination (30.6% vs 53.3%, P < 0.0001) and a lower prevalence of multivitamin supplement use (9.0% vs 25.4%, P = 0.0003). In addition, illiterate participants had a higher intake of over-the-counter Chinese herbs (45.95% vs 27.18%, P = 0.0003) and were more likely to have a history of hypertension (33.3% vs 19.5%, P = 0.0035) and diabetes (34.2% vs 7.7%, P < 0.0001) than literate participants. Plausible mechanisms for the increased risk of ESRD among the illiterate participants include higher prevalences of hypertension and diabetes; a greater prevalence of high-risk behaviors, including street Chinese herb use; and neglect of regular screening. As mentioned earlier, the existence of the NHI may have reduced the importance of factors related to financial burden; however, income was associated with an increased odds of ESRD (adjusted OR, 2.65; P = 0.005) and a significant dose-response relationship was observed (Table 1 ; P for trend <0.0001). This might explain why income in the year before the onset of dialysis was decreased by ill health in patients with ESRD. A US study conducted in Washington, DC and the states of Maryland, Virginia, and West Virginia explored the causal sequence between education, income, and ESRD, and reported that lower education may be a more fundamental cause of ESRD, and that education may be more amenable than income to social intervention. 27 Further etiologic studies of education, income, and ESRD may shed more light on the causal relationships involved.
The association between hypertension and ESRD has been investigated in previous studies. [30] [31] [32] [33] [34] Recently, a report based on examining data from the US Renal Data System (2007) 35 revealed that diabetes is the leading cause of ESRD in the United States, followed by hypertension and glomerulonephritis, and that these 3 conditions accounted for approximately 80% of new ESRD cases treated during 2004. Similarly, an epidemiologic study 16 in Taiwan that used a nationally representative sample (n = 15 271) also revealed that diabetes (adjusted OR, 2.01), hypertension (OR, 1.16), and hyperlipidemia (OR, 1.39) were independent risk factors associated with future development of CKD. In our study, we found an association between ESRD risk and a history of hypertension or diabetes. Furthermore, we also collected information about regular antihypertensive use and separately examined the association between a history of regular antihypertensive use and ESRD. The results indicated that a history of regular antihypertensive use was associated with an increased risk of ESRD (OR, 7.48; 95% CI, 3.62-16.31) after controlling for all covariates except history of hypertension. Studies suggest that even moderate elevation of blood pressure predicted an increased incidence of ESRD, 32, 33 and that severe, persistent hypertension increased the risk of ESRD. 30 The findings of this study suggest that most hypertension-related variables are strongly associated with ESRD and demonstrate that diagnosis of hypertension and better blood pressure control are important.
To our knowledge, few epidemiologic studies have explored the effect of multivitamin supplement use on the occurrence of ESRD. In our study, we found that regular intake of multivitamins was inversely associated with ESRD, suggesting a protective effect. Previous studies [36] [37] [38] revealed that dialysis patients and patients after renal transplantation were prone to vitamin C deficiency. Although studies have suggested that plasma vitamin C levels and multivitamin use predict mortality in dialysis patients, 38, 39 evidence that multivitamin intake might prevent the occurrence of ESRD is limited. More etiologic studies of the association between multivitamin supplementation and the incidence of ESRD would be worthwhile.
Aristolochic acid, a component of some Chinese herbal medicines, is a well-known cause of severe kidney failure and cancer of the urinary tract system, and Chinese herbal nephropathy can lead to end-stage kidney failure relatively quickly. 17, 18 A Taiwanese nutrition and health survey 40 of 1740 adults revealed that Chinese herbal therapy is independently and positively associated with CKD. Many people in Taiwan who consume traditional Chinese medicine and folk remedies habitually use over-the-counter herbal remedies to treat diseases. 41 Unfortunately, there have been several case reports of Chinese herb nephropathy in Taiwan. [42] [43] [44] In this study, Chinese herbs are defined as folk remedies or over-the-counter Chinese herbs obtained without prescription. Many herbs in Taiwan are adulterated (up to 23.7%), and the most common adulterants include caffeine, acetaminophen, indomethacin, and hydrochlorothiazide. 45, 46 These ingredients may be harmful to health. Multivariate analyses revealed an association between the regular use of folk remedies or over-the-counter Chinese herbs and ESRD in our study (OR, 10.84; 95% CI, 5.77-20.35). Among regular users, 51% (65/129) did not know the names of the herbs taken and 73% (94/129) did not know that additional ingredients may have been included. Intake of traditional Chinese herbal medicines is very popular in Taiwan, and some people in Taiwan erroneously believe that many useful ingredients in Chinese herbs are natural and therefore harmless and that this is the reason why the herbs are available over-the-counter. Hence, over-the-counter Chinese herb medicines are often purchased and misused. This may be the principal reason for the high incidence of ESRD in Taiwan.
Case-control studies are susceptible to several biases and limitations. In the present study, exposure measurements were mainly self-reported. ESRD cases may tend to over-report exposures, as compared to controls. In addition, collection of data regarding exposure at 5 years before diagnosis may not be sufficient because it frequently takes longer than 5 years for ESRD to develop. Also, we did not consider the possibility that control subjects from 'relatives' may have had diseases other than hypertension, diabetes, and kidney disease; these ignored conditions might have biased the results of this study.
The assessment of SES, co-morbidities, and exposure factors using a dichotomized classification could be characterized as simplistic. Moreover, number of cases was relatively small for the large number of stratification analyses that were performed. The confidence intervals of several ORs in this study were large, which reflects the imprecision of estimates due to the relatively small number of patients and controls.
From the perspective of preventive medicine, identification of patients with early renal impairment and those who are at risk for developing kidney diseases may prevent further increases in the incidence of ESRD. Our study demonstrated that low SES, a history of hypertension or diabetes, and regular use of folk remedies or over-the-counter Chinese herbs are strong independent risk factors for ESRD, and that regular intake of a multivitamin supplement is inversely associated with ESRD, which suggests a protective effect.
